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INTRODUCTION 
This paper is an account of investigations into pedological 
aspects of a wooded area which is being used by a group of workers, 
of the Institute for Biological Field Research, Arnhem, for the 
study of the role of the soil microflora and fauna in the breakdown 
of plant debris, the formation of humus, and the mineralization of 
soil organic matter. 
There are marked differences, over short distances, in the 
quantity of litter disappearing annually from the soil surface. 
In some places there seems to be hardly any change in the amount 
of litter present immediately after leaf fall and the amount re-
maining the following summer whereas in other places all the litter 
has disappeared by the following summer; these differences are 
reflected in the appearance of the A-horizons of the soils. These 
differences in the litter layers and in the morphology of the A-
horizons have been termed "forest-floor types" and they have 
been described and classified along the lines used by Müller 13 
for mull and mor. To differentiate the various forest-floor types 
encountered it became necessary to subdivide the mull and mor 
types used by Müller. The distribution of these subtypes has been 
mapped. Other characteristics of the various subtype sites including 
topographical relations, texture of the mineral soil, vegetation, 
reaction (pH), and chemical properties of the soil were recorded. 
The occurrence of the forest-floor types in relation to the various 
site characteristics was examined in an attempt to ascertain whether 
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the development of a forest-floor type is related to the biological 
or physico-chemical characteristics of a particular site. 
This examination showed that a correlation exists between the 
distribution of the forest-floor types and differences in the water 
relations of the soils of the oak forest under consideration. Previous 
investigations (cf the review by H an die y 2) do not seem to have 
considered the possibility of this factor being an agency in de-
termining the differential development of mull and mor. 
LOCATION, HISTORY AND GEOLOGY OF THE AREA 
At the Institute for Biological Field Research work on the breakdown of 
plant debris was started in 1942 in other areas but these were abandoned 
when it was found that they appeared to have been significantly changed by 
human activity in the more or less recent past. 
In 1956 members of the Wageningen Soil Survey Institute came across 
an area of oak forest situated in the Hackfort Estate in the municipality of 
Warnsveld, 6 km southeast of Zutphen and 3 km east of the river IJssel 
and at about 9 m above sea level. 
Examination of soil profiles by members of the Soil Survey Institute 
indicated that the soils of the area, carrying a tree vegetation of pole-stage 
oak and birch, had not been disturbed by man. 
The area, about five acres in extent, was formerly part of the Hackfort 
Estate, and estate and other records indicate that this particular area of 
oak wood carried a closed stand of mature, broad-leaved trees in 1809 and 
has remained under forest ever since. It seems very probable that the area 
has carried forest since the Middle Ages at least as it has been part of a 
hunting ground which dates back to the thirteenth century. There are no 
indications in the records that the area was ever used as arable land or that 
the trees were rooted up. 
Geologically the area is part of the former beds of the river IJssel where 
Pleistocene river clay and sand are very irregularly distributed. The sands 
were most probably deposited in pleniglacial times and clay and silt were 
added in the Boiling period. Deposition of sand may have taken place in the 
Old Dryas period, the clay and silt dating from the Allerod period *. 
Three acres of the area were selected for long-term investigations. 
THE TWO MAIN "FOREST-FLOOR TYPES" 
In 1887 (p. 82) Mül le r differentiated the two contrasting humus forms 
which are to be found in forest soils in the following terms : 
" E c h t e r Mull : Nicht über 10% organischer Substanz, ohne freie, auf lös-
liche Humussäure, gut vermischt mit der mineralischen Erde, sowohl durch 
Unpublished account by K. S. Hoekse m a. 
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die Thätigkeit der Tiere wie des Wassers, vollkommen zertheilt, locker, 
ohne Zusammenhang, hauptsächlich Produkt des thierischen Lebens im 
Boden. 
E c h t e r Torf: 30-60% organischer Substanz, enthält freie, auflösliche 
Humussäure, höchst unvollständig und fast nur durch die Thätigkeit des 
Wassers mit der Mineralischen Erde vermischt, unvollkommen zertheilt, 
fest, zähe, zusammenhängend, hauptsächlich vegetablische Schicht". 
Mül le r apparently based the differential organic matter contents of 
mull and mor on only a few quantitative data. It would therefore seem that 
this should be used with caution as a differentiating feature. Further, 
although organic matter contents of 30 to 60 per cent are given as being 
characteristic for mor, a value of 13.24 per cent was mentioned in his 
analysis data (Ref. 13, p . 118). The results of chemical analyses published by 
Mül le r indicate that he included the horizon which is nowadays termed Ai 
as part of the mor layer. 
The mull of Mul l e r can be described as a forest floor in which the upper-
most layer of mineral soil, now termed the Ax-horizon, lies beneath no more 
than a thin, loose layer of litter and has the appearance of mould or loose 
garden soil ; it is friable and inhabited by animals, among which lumbricidae, 
whose presence is shown by holes and burrows, are always to be found. 
Mor on the other hand is a coherent upper soil layer, rich in humus and 
thoroughly interwoven by dark fungal hyphae - a condition which, as 
Mül le r pointed out, is outside the sphere of agricultural practice. 
H e s s e l m a n 5 6 amended Müller ' s characterization of mull and mor and 
the following definitions were adopted at the Third International Soil 
Science Congress in 1935 and are currently used by most soil scientists in 
the U.K., U.S.A., Scandinavia, and France: 
Mull - mixture of organic matter and mineral soil of crumbly or compact 
structure with the transition to lower layers not sharp. 
Mor - organic matter practically unmixed with mineral soil, usually more 
or less matted or compacted. Transition to mineral soil always distinct. 
Often composed of two layers named F + H (after H e s s e l m a n ) . 
In Germany and Austria however, the classifications of Ra-
m a n n 1 4 1 5 and K u b i e n a 8 9 are followed. Although Mül le r ' s 
terms are used in some cases in these classifications they have 
acquired a different meaning. For example, whereas Mül l e r and 
H e s s e l m a n characterized the humus layers of forest and heath 
soils (Ao- + Ai-horizons) by the macromorphological properties 
of the two horizons as a whole, the characterization of the soils to 
which the nomenclature is applied by R a m a n n and K u b i e n a is 
based on the micromorphology of the humus particles and is 
applied to arable land as well as to forest soils *. Whilst the Mül le r -
* For detailed descriptions and illustrations see Jongerius 7. 
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H e s s e l m a n conception of mull and mor may also be used for the 
soils associated with an old grass vegetation or other long es-
tablished vegetation it is unsuitable for use in connection with 
tilled land. 
Although the morphology of humus particles, as used in the 
R a m a n n - K u b i e n a classification, may be used for the character-
ization of arable soils it cannot indicate the appearance and nature 
of the soil or humus layer (Ao + Ai) as a whole as is the case when 
the M ü l l e r - H e s s e l m a n classification is used. 
Therefore, in order to avoid the confusion which is liable to 
arise through the use of the term " h u m u s f o r m " this term has 
been consistently replaced in this paper by the term " fo res t -
f loor t y p e " . 
CHARACTERIZATION OF THE FOREST-FLOOR TYPES 
OF THE HACKFORT AREA 
On the basis of the definitions accepted at the 1935 Congress 
the forest floor of the Hackfort area, and indeed of the Netherlands 
as a whole, would probably be separated into the following two types 
of forest 1 ) coarse mull and 2) fibrous mor with a thin H-layer ( < 1 "). 
This degree of separation is inadequate for a detailed classification 
of the various forest-floor types which are to be found in the area 
studied. Similar objections apply to the classifications of R o m e 11 
and H e i b e r g 1 6 , H e i b e r g 3, H e i b e r g and C h a n d l e r 4 , L u t z 
and C h a n d l e r io, E h w a l d i, and W i l d e i». 
The different forest-floor types to be found at Hackfort have 
therefore been described and provisional names given to them as 
follows : 
Forest-floor type Mull 
S u b t y p e 1) C o m m o n Mull . F- -+- H-layers absent; Ai-horizon 
crumbly with the greatest concentration of finely divided organic 
matter, thoroughly mixed with the mineral soil, in the upper part 
of the horizon. Litter falling in autumn has disappeared from the 
soil surface before the next leaf fall. Common mull is itself subdi-
vided into acid mull and mull rich in lime depending on the oc-
currence of CaCC>3 or a high content of Ca++ in the Ai-layer. 
S u b t y p e 2) Mul l r i c h in l i t t e r . L-layer and a very thin F-
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layer present. Coarse particles of organic matter are mixed with 
the mineral soil in the crumbly top of the Ai-horizon. When the 
leaves fall in the autumn litter from the previous leaf fall still 
remains on the soil surface. This subtype is intermediate between 
common mull and light mor. Beneath the litter layer the soil is 
crumbly and loose and mouse holes are often present. The Ai-
horizon is always some shade of brown in colour. 
Forest-floor type M or 
S u b t y p e 3) L i g h t mor . L-, F- and H-layers are present and 
clearly distinguishable from the Ai-horizon. The F x - and H-
layers are matted but not so markedly as in common mor nor are 
they coloured such dark shades of brown. The structure of these 
layers is more or less loosely and they contain many fine roots and 
dark-coloured fungal hyphae. Under damp conditions it is possible 
to smear the greasy material lying at the boundary between the 
H-layer and the Ai-horizon over the surface of the mineral soil 
with a finger. The Ai-horizon tends to be coloured dark brown to 
black. 
S u b t y p e 4) C o m m o n mor . F x - and H-layers strongly de-
veloped and compacted, containing fine roots and interwoven by 
numerous, dark-coloured fungal hyphae. The boundary with the 
Ai-horizon is very greasy and readily smears when damp. The Ai-
horizon is black in colour due to inwashed organic matter. 
S u b t y p e 5) Mor poo r in h u m u s . Generally only a small 
amount of litter is present and well-developed F- and H-layers as 
well as a greasy boundary region with the Ai-horizon are lacking. 
The black colour of the Ai-horizon is due to humus material 
probably carried downwards solely by percolating water. The Ai-
horizon often has a loose structure, due to the coarse sand from 
which it has developed, but never has the characteristics of mull 
and is interwoven by numerous, dark-coloured fungal hyphae simi-
lar to those present in subtypes 3 and 4. The total carbon content, 
down to the depth at which organic matter ceases to occur, is 
about 3.6 kg per square meter. In the Hackfort area this subtype 
is almost entirely restricted to the very coarse, low-lying sands. 
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METHODS 
Methods used for the chemical analysis of the soils 
S a m p l i n g . The position of each quadrat was indicated in the field by a 
wooden marker. Three samples, each of about 25 ml in volume and from the 
0-5 cm depth of the Ai-horizon, were taken just around each quadrat marker. 
The three samples were bulked for analysis giving a total of 126 samples. 
For the determination of the amount of carbon occurring in the soils 
to a depth of 40 cm, 8 cores covering the 0-40 cm depth (including the 
Ao-, L-, F- + H-layers) were taken from 16 sampling areas and bulked. In 
August samples of the Ao and samples of the coarse plant remains ( > 2 mm) 
from the upper 5 cm of the soil were taken from the various quadrats for 
carbon determinations. One complete series of samples for the determination 
of reaction (pH) was taken in April and another series in June 1957. 
R e a c t i o n (pH). The reactions of the soil samples were determined in the 
presence of 1 N KCl (glass electrode). 
C a t i o n s and an ions . Values for the amounts of the more important 
cations and anions present in the soil samples were obtained by treating the 
samples by the acetate buffer method of M o r g a n 12 and V e n e m a 18. 
Carbon . The carbon contents of the various soil samples were de-
termined by the dry-combustion method and by the wet-oxidation method of 
Meb ius et al. n . 
N i t r o g e n . The total-nitrogen content of the soil samples was determined 
by the Kjeldahl method. 
Methods used in the assessment of other soil characteristics 
T e x t u r e . The texture of the soils was assessed in the field by kneading 
and rolling a small amount of soil between the thumb and fingers. Only three 
texture classes were distinguished: 
1. loamy sand; 2. fine sand; 3. coarse sand. 
Colour of t h e u p p e r p a r t of t h e Ai-hor izon. The colour of the soil 
samples was assessed, in both wet and dry conditions, by means of the 
Munsell colour charts. 
Degree of l e ach ing . Three degrees of leaching, which are characterized 
as follows, were assessed by visual examination:— Weak - no visible 
leaching of the mineral particles which are all covered by a brownish film. 
Moderate - some of the sand grains are not covered by a brownish film and 
have a whitish, bleached appearance. Strong - almost all the sand grains are 
bleached and white in colour. 
T o p o g r a p h y . The lowest point in the area was taken as the zero level 
and the height of all other soil surfaces above the zero level was measured 
in cm. 
D e p t h of t h e w a t e r t a b l e . The depth of the water table below the soil 
surface was measured in cm at various times of the year. 
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Characterization of the vegetation of the area and observations on leaf 
fall and root development 
T i m b e r vo lume . The standing volume, in cub. dm per 100 m square 
quadrat, of the various tree species was measured by Dr. L u i t j e s . The 
relative volumes for each species present on the quadrats were calculated 
as percentages of the maximum volume of timber encountered on any of 
the quadrats. 
Leaf fall . In 14 places in the area the leaves etc. shed by the trees are 
caught in cheesecloth sacks with a circular opening of 0.5 sq.m. The sacks 
are in continual operation for 3.5 years in succession. Weekly or monthly 
the amount of leaves fallen into the sacks is weighed and sorted to tree species. 
The depth to which roots developed was ascertained for various quadrats. 
RESULTS 
The distribution of the various forest-floor subtypes over the 
area is shown in Fig. 2. 
Soil analyses 
It is not practicable to present the data for all the chemical 
analyses and only the analytical results for typical quadrats are 
given in Table 1, column I, the quadrats being indicated by the 
grid numbers used on the map of the area (see Fig. 1 ). 
R e a c t i o n (pH). The results for the pH measurements are given 
in Table 1, column III and in Table 2. Only the mull rich in lime 
gives pH values which are appreciably different - less acid - from 
those for the other sites. The acid mull cannot be distinguished 
from the other forest-floor subtypes on the basis of the pH (KCl) 
values. This becomes clear when average values for the various 
forest-floor types occurring in the 126 quadrats are considered. 
The differences between the pH values obtained for the acid mull 
and those for the common mor are very small even though the 
differences in ground flora are very pronounced. Even in the case 
of the acid mull and the mull rich in litter, where the pH values 
differ by only 0.1 pH unit, the luxuriance and species composition 
of the herbaceous ground flora is considerably richer on the acid 
mull. On the other hand the similarity of the herbaceous ground 
vegetations of the mull rich in lime and the acid mull does not lead 
one to suspect the difference of nearly 4 pH units between their 
reactions. 
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Fig. 1. The volume of wood of oak, birch, poplar, and alder found oiMhe 
various quadrats. The volume for each species on each quadrat is expressed 
as a percentage of the maximum volume which occurs on any quadrat i.e. 
3000 cub. dm on quadrat D18 = 100%. Thus quadrat F12 has only 80% of 
the maximum observed volume on D18 and 16% is oak, 18% is birch, 
26% is poplar and 20% is alder. 
1 = oak, 2 = birch, 3 = poplar, 4 = alder. 
K a t i o n s a n d a n i o n s . In column IV (Table 1), some data are 
given concerning the local content of lime. In column V is seen 
that the quantities of calcium ions dissolved in the Morgan-
Venema buffer solution differ strongly, but it is still difficult to 
find an essential difference between the acid types. The magnesium 
ions in column VI show a tendency to higher values in the mor 
types. To a lesser degree the same holds for the phosphorus in 
column VII. Potassium in VIII and iron in column IX are irregu-
larly distributed. Manganese content in column X decreases with 
increasing height. 
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TABLE 2 
Mean pH(KCl) values for the various forest-floor subtypes 
occurring in the 126 quadra t s 
Forest-floor types 
April 1957 . . 
June 1957 . . 
1 
Mull 
rich in 
CaCOs 
7.2 
6.6 
2 
Mull at 
border 
region 
of 1 
4.7 
4.5 
3 
Acid 
mull 
3.46 
3.4 
4 
Mull 
rich in 
l i t ter 
3.4 
3.3 
5 
Light 
mor 
3.25 
3.3 
6 
Common 
mor 
3.25 
3.1 
7 
Mor 
poor in 
humus 
3.2 
3.15 
It is difficult to judge the essential influence of the regularities 
in manganese and magnesium contents in the causality of the 
different forest-floor types. At the moment the author is inclined 
to think their influence to be negligible. 
C a r b o n a n d o r g a n i c m a t t e r . The carbon content of the 
uppermost 5 cm of the Ai-horizons in the various quadrats is 
expressed as a percentage of the oven-dry soil in Table 1, column XI. 
The carbon content of the 0-40 cm depth of soil is similarly ex-
pressed in Table 1, column XII . 
The carbon contents of the litter and coarse plant remains 
( > 2 mm) present in the uppermost 5 cm of the Aj-horizon are 
given, for the various quadrats, in g of carbon per sq.m in Table 1, 
column XII I ; the total weight of carbon to a depth of 40 cm, which 
also includes that of the surface organic layers, is similarly ex-
pressed for the various quadrats in column XIV. The values ob-
tained for both these quantities show discernible differences be-
tween the samples from the mull sites and those from the mor 
sites although it is not possible to distinguish the various subtypes 
of these two groups on the basis of these values. The mean value 
for the total-carbon content for the various acid-mull and mull-
rich-in-litter sites is 5.75 kg/sq.m and that for the various light-
mor and common-mor sites is 9.02 kg/sq.m. If the carbon contents 
of the surface organic layers are excluded the values become 5.02 
and 7.1 kg/sq.m respectively. In both cases the mor forest-floor 
types contain more carbon than the mull forest-floor types. 
I t is not possible to determine the exact amount of organic 
matter in soil by direct analysis, usually the percentage of carbon 
found is converted by a conventionally accepted standard factor 
into percentage of organic matter. As differences in the nature 
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of the organic matter in the various forest-floor types occurred to 
exist the concept of the relative degree of oxidation of the soil 
carbon has been introduced. This is defined as the ratio of the 
percentage of carbon found by wet combustion (Mebius et al. n ) 
to that found by dry combustion multiplied by 100. Values for 
this ratio for the various forest-floor types are given in Table 1, 
column XV. The lower values for this ratio indicate the presence 
of organic matter relatively rich in oxygen ; thus the organic matter 
of the soil of quadrat D4 with a relative degree of oxidation of 68 
should be in a condition twice as oxidized as the organic matter 
of quadrat CI2 with a relative degree of oxidation of 125. On this 
basis the organic-matter content of the soil computed from the 
carbon content of the soil and the conversion factor 1.724 is not 
reliable; such a method can only be used in special circumstances 
(see also M e b i u s et al. 11). 
C/N r a t i o . The C/N ratio was calculated from the total-nitrogen 
content of the soil and the carbon content as determined by the 
dry-combustion method. The ratios obtained in this way vary 
from 13.8 to 30.4 and contrary to expectations, the ratio for the 
mull rich in lime (quadrat D10) is rather high (20.1) and further 
investigations are required to ascertain whether such a ratio is 
usual for soils of this kind. 
Topography 
The heights of the various quadrats above the zero level and 
their relationships to each other are shown in Fig. 3. 
Depth of water table 
The maximum and minimum depths of the water table below 
the soil surface are given in Table 1, column XVIII . Water tables 
near to the surface of the soil only occur in winter. 
Distribution of roots 
The greater part of the root system occurs between a depth of 
40 to 50 cm and the soil surface but roots do go down to a depth 
of 120 cm. On those areas which are at the highest levels above the 
zero level the deepest roots will go down somewhat lower than 
120 cm. 
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Soil texture 
The texture of the mineral material of the soils of the various 
quadrats is given in Table 1, column XIX and the distribution of 
the three texture classes is shown in Fig. 4. 
Soil colour 
The colour of the soil of the various quadrats was recorded as 
it appeared to assist in the differentiation of the forest-floor 
subtypes. In the case of soils having the same texture and developed 
from the same kind of sand, differences in colour will be a reflection 
of differences in the nature of the humus and of differences in the 
processes of decomposition of organic matter. The following colours 
were recorded for the upper 3 cm of the various Ai-horizons : 
1. grey (very dark grey 10 YR 3/1 and 10 YR 4/1) ; 
2. dark ochre (yellowish brown 10 YR 4/4 and 10 YR 4/4) ; 
3. light brown (yellowish brown 10 YR 3/4 and 10 YR 4/3) ; 
4. dark brown (very dark greyish brown to dark brown 8.75 YR 
3/2 and 10YR3/2 ) ; 
5. black (black 5 YR 2/1.5 and 7.5 YR 3/1). 
The field names are mentioned first and between the brackets the 
first colour recorded is that of the soil when wet, the second being 
the colour of the same soil when dry, both expressed in the Munsell 
notation. 
Vegetation and leaf fall 
The maximum standing volume encountered on a quadrat was 
3000 cub. dm on quadrat D18. The standing volumes for each 
species on the various quadrats are shown in Fig. 1. 
A detailed description of the ground vegetation of the various 
quadrats will be published elsewhere. The total amount of leaves 
shed annually in the various quadrats is perhaps 10 per cent more 
on mull than on mor sites. The annual mean over 3 years is 
315 g/sq.m (oven-dry weight). 
DISCUSSION 
Although the data in Table 1 indicate differences between the 
various forest-floor subtypes they give no obvious clue to the 
reasons for their differential development. 
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In the opinion of the author, the species composition of the herb 
vegetation is controlled by the same factors which are responsible 
for the differential development of the forest-floor subtypes. Since 
details of the floristic composition of the ground flora are to be 
published elsewhere this will not be discussed further here. 
The information collected from the various estimations and 
examinations was transferred to punched cards. 
On each card all the information regarding a quadrat, including forest-
floor subtype, soil texture, soil colour, degree of leaching of soil, height of 
soil surface above zero level, reaction of soil (pH), and the tree species 
occurring, was recorded. For the sake of brevity the characteristics forest-
floor type, texture, colour of Ai-horizon, and degree of -leaching were repre-
sented, in this order of sequence, by numbers which indicated the relative 
values, which had already been assigned to them from field observations 
for these characteristics for a particular quadrat. For example a quadrat 
having a forest-floor subtype 4 (common mor) which had developed on 
mineral material with texture 3 (coarse sand) and exhibiting colour 5 (black) 
and a degree of leaching 3 (strong) would be represented by 4-3-5-3. 
Generally where the site characteristics of a quadrat had intermediate 
values, e.g. fine sand with clay or light- to dark-brown in colour, the punched 
cards for such quadrats were not used in compiling the tables of results in 
order to avoid confusion. Consequently the different tables of results are not 
always derived from the same set of punched cards. Any trends suggested by 
the cards for quadrats having transitional characteristics do not conflict 
with, indeed they support, the conclusions ultimately drawn. 
TABLE 3 
Frequency of association of the various categories 
the 
Texture . . . . 
Degree of 
leaching . . . 
Colour: 
1. Grey * . . 
2. Dark ochre 
3. Light brown 
4. Dark brown 
4/5. Brown/black 
5. Black . . . 
Ai-layer from the field observatio 
1. Loamy sand 
Weak 
(1) 
1 
-
IS 
3 
1 
-
Moder-
ate 
(2) 
— 
— 
-
-
-
-
Strong 
(3) 
— 
-
-
-
-
-
Weak 
(1) 
3 
1 
7 
20 
-
-
DÎ texture , colour and degree of leac 
is for the various q 
2. Fine sand 
Moder-
ate 
(2) 
— 
_. 
-
8 
12 
-
Strong 
(3) 
— 
-
-
1 
2 
8 
uadrats 
ling of 
3. Coarse sand 
Weak 
(1) 
1 
-
-
-
-
-
Moder-
ate 
(2) 
— 
-
-
-
-
-
Strong 
(3) 
— 
-
-
-
3 
18 
* The grey soil colour is only found in places rich in lime (pH > 7.0). 
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The field observations when assembled on punched cards were 
first used to ascertain the frequency of association of the various 
categories of soil texture, colour of the Ai-horizon and degree of 
leaching in the various quadrats. These are set out in Table 3 and 
it will be observed that there is a strong tendency for loamy sand 
with a light brown Ai-horizon to be associated with weak leaching, 
for fine sand with a brownish-black Ai-horizon to be associated 
with moderate leaching, and for coarse sand with a black Ai-
horizon to be associated with strong leaching. The table also 
indicates that whereas loamy sand is only associated with weak 
leaching, fine sands may exhibit all degrees of leaching and coarse 
sands are always strongly leached; the only exception being a 
coarse sand rich in chalk where, as is to be expected, leaching was 
not visible. The other soils show that an increase of degree of 
leaching is associated with a darkening of the topsoil. The loam 
soils are mostly light brown in colour, the fine sandy soils tend to 
be dark brown or blackish in colour and the coarse sands are 
predominantly black. Thus the colour of the upper part of the Ai-
horizon and its degree of leaching seem to be related to its texture. 
In view of this relationship the association of these soil charac-
teristics with the various forest-floor subtypes was studied and the 
results are set out in Table 4. The results indicate that the forest-
floor subtypes are more strongly related to soil texture than to soil 
colour or degree of leaching. The association of certain combi-
TABLE 4 
Frequency of association of the various forest-floor subtypes with different combi-
nat ions of the various categories of three soil characteristics 
Texture 
Colour of upper par t 
of Ai-horizon . . . 
Degree of leaching 
Code 
Forest-floor 
sub type : 
1. Common mull . 
2. Mull rich in l i t ter 
3. Light mor . . . 
4. Common mor 
5. Mor poor in 
humus . . . . 
Loamy sand 
Grey 
Fine sand 
Light brown 
Brown/ 
Dark brown black 
Weak 1 Moderate 
-1-1-1 
4 
-
-
— 
-
-1-3-1 
10 
5 
-
— 
-
-2-3-1 -2-4-1 -2-4-2 
7 
1 
-
— 
-
3 
17 
-
— 
-
— 
1 
8 
— 
-
-2-4/5-2 
— 
1 
11 
— 
-
Coarse 
sand 
Black 
Strong 
-2-5-3 -3-5-3 
— 
— 
-
8 
-
— 
— 
1 
2 
9 
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nations of the three soil characteristics with particular forest-
floor subtypes becomes apparent. 
The association of the two forest-floor subtypes common mull 
and mull rich in litter with the same combination (1 : 3 : 1) of 
soil characteristics i.e. loamy sand with light-brown toplayer of the 
Ai-horizon and weak leaching, is somewhat confusing. The five 
quadrats C5, D4, E5, E6 and F5 are the only ones where mull rich 
in litter occurs on loamy sand and in these quadrats the loamy 
sand is rather sandy which makes it rather difficult to judge to 
which texture class it belongs. 
It is evident that common mull and a form more transitional to 
mull rich in litter are associated with loamy sand and in addition 
that whilst the colour of the top of the Ai-horizon of these forest-
floor subtypes is light brown for the acid quadrats it is grey for 
the alkaline quadrats. 
Fine sand is associated with all the forest-floor subtypes except 
mor poor in humus. Each of the other forest subtypes on fine sand 
show a close association with certain combinations of colour and 
degree of leaching. 
Whilst it is not very clear cut, the tendency for texture to be 
associated with forest-floor subtypes, as it was found to be associ-
ated with colour of the Ai-horizon and degree of leaching, can be 
observed in Table 4 although the frequency of association of the 
forest-floor subtypes with coarse sand is not easily understood. It 
was expected that common mor would be most frequently associ-
ated with coarse sand but in fact mor poor in humus holds this 
position. However, the forest-floor subtype mor poor in humus is 
difficult to classify and in some ways seems to be more closely 
related to light mor than to common mor. 
The frequency of association of the various categories of the 
three soil characteristics - texture, colour of the upper part of 
the Ai-horizon and degree of leaching - with quadrats having soil 
surfaces at various heights above the zero level was also studied. 
Though the differences in heigth above the zero level are small, 
60 cm at the most, they were divided into 12 classes each differing 
by 5 cm. The results are shown in Table 5 and there seems to be a 
correlation between the heigth classes and certain combinations 
of the categories of texture, colour of the upper part of the Ai-
horizon, and degree of leaching. 
G. M I N D E R M A N 
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Frequency of association of various soil-surface height classes with different 
combinations of the various categories of three soil characterist ics 
Height classes 
(differing by 5 cm) 
12 ( = > 60 cm) . 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 ( = < 10 cm) . 
Combinations * of the categories of the characteristics 
texture , colour of the Ai-horizon, and degree of leaching 
-1-1-1 -1-2-1 
2 
1 
1 
2 
5 
5 
2 
-2-3-1 
1 
1 
1 
3 
-2-4-1 
5 
5 
2 
5 
3 
-2-4-2 
2 
3 
1 
1 
-2-4/5-2 
1 
2 
1 
3 
3 
3 
1 
-2-5-3 
2 
2 
3 
1 
-3-5-3 
1 
1 
5 
1 
5 
1 
1 
* E.g . -1-1-1 means : tex ture 1 (loamy sand) ; colour 1 
( = weak) . 
grey) ; degree of leaching 1 
T A B L E 6 
The frequencies with which the various categories of the quadra t characterist ics 
are associated with the different height classes of the soil surface above the zero level 
Height classes 
(differing 
by 5 cm) 
Forest-floor 
subtypes * 
1 2 3 4 5 
Texture ** 
1 2 3 
Colour of the 
Ai-horizon f 
1 2 3 4 4 / 5 5 
Degree of 
leaching J 
1 2 3 
Vege-
ta t ion § 
1 2 3 
12 
11 
10 
9 
- - 1 3 -
- - 2 3 -
- - 1 3 2 
- - 3 1 -
1 7 5 1 1 
2 6 4 - -
6 2 3 - 2 
11 7 - - 1 
8 3 1 - -
2 - 1 - -
1 
2 
5 
10 
4 
3 1 
5 -
4 2 
3 1 
12 2 
8 -
6 2 
7 2 
7 1 
2 1 
2 
- - 1 -
- - 1 6 
- - 5 9 
- - 7 5 
2 - 8 7 
3 - 2 5 
2 - 1 1 
- 1 3 
- 1 4 
- 1 5 
- - 1 
6 3 3 
6 4 -
8 4 2 
16 2 1 
7 1 -
- 1 -
3 - -
4 1 1 
6 - -
1 - -
7 - -
4 4 -
5 5 1 
9 4 3 
3 2 4 
1 - 2 
* Forest-floor subtypes : 1 = common mull, 2 = mull rich in l i t ter, 
** Tex tu re : 
f Color (field names) : 
f Degree of leaching: 
§ Vegetat ion: 
3 = light mor, 4 = common mor, 5 = mor poor in humus . 
1 = loamy sand, 2 — fine sand, 3 = coarse sand. 
1 = grey, 2 = dark ochre, 3 = light brown, 
4 = dark brown, 4/5 = dark brown to black, 5 = black. 
1 = weak, 2 = moderate , 3 = strong. 
1 = oak, 2 = birch, 3 = alder and poplar. 
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Table 6 shows the frequency with which the various categories 
of the quadrat characteristics are associated with the various 
height classes above the zero level in order that the characteristics 
most strongly associated with height class might be ascertained. 
The frequencies for the various characteristics are not all derived 
from the same quadrats since transitional values between categories 
of a characteristic are not included. 
For an occurrence of oak or birch to be recorded in the "vege-
tation" column of Table 6 more than 50 per cent of the quadrat 
had to be covered with oak or birch. For an occurrence of alder and 
poplar to be recorded these species had to be substantially present 
among the oak and birch. 
On the quadrats which are highest above the zero level oak 
predominates whereas on the lower quadrats either oak or birch 
may be dominant. 
Although loamy sand does not occur above height class 7 (35 cm 
above zero level) the fine and coarse sands occur rather uniformly 
throughout the height classes. Very coarse sand in layers 30 to 
60 cm thick, occurring in height classes 2 to 9, is associated with 
mor poor in humus. 
The open line across Table 6 roughly divides the quadrats 
with weak or moderate leaching from those with strong leaching. 
When strong leaching occurs below the open line it is predomi-
nantly associated with mor poor in humus. Below the open line 
the upper zones of the Ai-horizons are predominantly in the colour 
categories 3 and 4 whereas in the height classes above the open 
line they are predominantly in the colour category black. Grey 
colours are restricted to the soils on quadrats rich in lime. 
The soil characteristics which show the closest parallel distri-
bution of frequency in relation to height of the soil surface above 
the zero level are the colour of the upper part of the Ai-horizon 
and the subtype of the forest floor. Each forest-floor subtype is 
associated with a particular colouring of the upper part of the 
Ai-horizon and variation in both characteristics seems to be 
similarly associated with variation in heigth class. 
In contrast to the characteristics height of soil surface above 
zero level and soil texture, the colour of the upper part of the Ai-
horizon and the degree of leaching are the products of soil processes 
which have occurred since the sand and clay were deposited. 
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It is logical to conclude that the vegetation may have had some 
influence on the development of the colour and degree of leaching 
of the soils. The frequency with which various soil colours are 
associated with a vegetation predominantly oak or birch growing 
on soils of different textures will be apparent from Table 7. The 
TABLE 7 
The frequencies with which Ai-horizons of different colours are associated with a 
vegetat ion predominant ly oak or birch on soils of different textures 
Vegetation 
Colour: 
1. Grey 
2. Dark ochre . . . . 
3. Light brown . . . . 
4. Dark brown . . . . 
4/5. Dark brown to black 
5. Black 
1. Loamy sand 
Birch j Oak 
3 
1 
1 
9 
2 
2. Fine sand 
Birch 
1 
5 
3 
Oak 
1 
1 
4 
6 
3. Coarse sand 
Birch 
-
Oak 
7 
soils developing on loamy sand under both tree species are most 
frequently light brown in colour whilst the soils developing on 
fine sands are most frequently dark brown under birch and 
blackish under oak. The blackest soils have developed on coarse 
sand where only oak is growing. 
The modifying influence of tree species on the strong correlation 
between degree of leaching and soil texture is shown in Table 8. 
TABLE 
The frequencies with which various categories of degree of leaching are associated 
with oak and birch on soils of different textures 
Texture 
Vegetation 
Degree of leaching: 
1. Weak 
2. Moderate 
3. Strong 
1. Loamy sand 
Birch 
4 
Oak 
12 
2. Fine sand 
Birch 
5 
4 
Oak 
2 
3 
7 
3. Coarse sand 
Birch 
-
Oak 
7 
Since forest-floor subtypes, height classes etc. are most clearly 
differentiated on the fine sandy soils the information for quadrats 
on these soils has been examined in greater detail. 
I t will be seen from Table 9 that in the case of mull forest 
floors developed on fine sand the quadrats are at a low level above 
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TABLE 9 
The categories of the soil characterist ics forest-floor subtype , colour of the Ai-
horizon, and height class associated with the various degrees of leaching and the 
vegetat ion types birch and oak in soils developed on fine sand 
Texture . . . 
Vegetation . . 
Degree of 
leaching 
1. Weak . . 
2. Moderate . 
3. Strong . . 
Fine sand 
Birch 
Forest-
floor 
sub type * 
1 
2 
2 (3 X) 
3 
3 (2 x ) 
3 
Colour 
of Ai-
horizon 
3 
4 
4 
4 
4/5 
4/5 
Height 
class 
5 
5 
6 
10 
5 
6 
Oak 
Forest-
floor 
subtype 
1 
2 
3 
3 
3 
4 (3 X) 
4 (3 X) 
4 
Colour
 TT . Height 
of Ai- . 
class 
horizon | 
3 
4 
4/5 
4/5 
4/5 
5 
5 
5 
4 
4 
6 
7 
10 
9 
10 
11 
* Of the forest-floor subtypes the occurrence of higher frequencies are indicated 
between brackets. 
the zero level and the colour of the upper part of the Ai-horizon is 
rather light. For soils developing on fine sand and only weakly 
leached, the forestrfloor subtype mull rich in litter is associated 
with both oak and birch. The colour of the upper part of the Ai-
horizon is the same under both tree species. The height of the 
quadrats above zero level is somewhat lower for those carrying 
oak than for those carrying birch. Fine sandy soils situated at the 
same height above the zero level and showing a moderate degree of 
leaching will, under both tree species, be similarly coloured in the 
upper part of the Ai-horizon and associated with a light mor. 
On strongly leached soils oak is by far the predominant species 
and the trend just mentioned continues i.e. the colour of the upper 
layer of the Ai-horizon is black, the mean height of the soil surface 
above the zero level is greater and the forest-floor subtype is 
common mor. 
The occurrence of the various forest-floor subtypes in relation 
to the various soil-texture categories and height classes is shown in 
Table 10. The association of forest-floor subtypes with height 
above the zero level is very pronounced and especially so where 
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Frequency of occurrence of the various forest-floor subtypes in relat ion to soil 
tex ture and height of the soil surface above the zero level 
Tex ture . . . . 
Forest-floor 
subtypes * . . 
Height-class 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1. Loamy sand 
1 2 3 4 5 
1
 
1
 
1 
1
 
1
 
1
 
1 
1
 
1
 
1 
1
 
I
 
I
 
1
 
I
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I
 
1
 
I
 
1 
1
 
1
 
1 
1
 
—
 
1
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1 
1
 
1 
1
 
1
 
1 
1 
1
 
O
l
 
1
 
CN
 
—
 
1 
1
 
1
 
1 
1
 
1
 
1
 
lO
 
^0
 
CM
 
1 
2. Fine sand 
1 2 3 4 5 
- - 1 2 -
- - 1 3 -
_ _ 3 _ _ 
1 7 3 1 -
- 4 4 - -
2 5 - - -
3 2 1 - -
1 - 1 - -
3. Coarse sand 
1 2 3 4 5 
_ _ _ i _ 
I 
I 
I 
I 
1 
1 
1 
! 
1 
1 
—
 
1 
1 
—
 
I 
to
 
(1) - - 1 1 
(1) - - - 1 
(1) _ - _ _ 
* Forest-floor subtypes : 1 
3 
(1) = free CaCC>3 present . 
common mull, 2 = mull rich in litter, 
light mor, 4 = common mor, 5 = mor poor in humus . 
the soil is fine sand in texture. At the lowest heights above the 
zero level there is a strong tendency for mull to form on fine sand. 
With increasing altitude there is a steady shift towards the common-
mor forest-floor subtype. The same tendency is found in loamy 
sand soils but not in the very coarse sand soils. The locally oc-
curring, thick layer of very coarse sand has a very poor water-
holding capacity and here the upper layer of soil does not benefit 
from a short distance to the water table and is much "dryer" than 
would seem to be the case from the height above the zero level, 
and here mor poor in humus is found. Since soil texture and height 
of the soil surface above the zero level are the main factors de-
termining the soil-water relationships the formation of the various 
forest-floor subtypes might ultimately be determined by the latter. 
I t is difficult to judge whether different tree species will have 
different effects on the soil-water relationships due to different 
kinds of organic matter and humus being produced. It is however 
considered that this effect would not be very great. 
Examination of Tables 9 and 10 indicates that in the case of 
an oak vegetation it is possible, from a knowledge of the soil 
texture of a site and its height above the zero level, to predict the 
forest-floor subtype, the colour of the upper part of the Ai-horizon 
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and the degree of leaching. The relationships are less clear with a 
vegetation of birch especially since the variation in the height of 
the soil surface above the zero level is rather small. If quadrats 
having soils of the same texture, e.g. fine sand, be considered then 
the degree of leaching is the only remaining variable characteristic. 
The degree of leaching is largely determined by the intensity of 
the downward movement of water through the soil which in turn 
is determined by 1) the quantity of rainwater, 2) the porosity of 
the soil which is largely determined by the texture of the soil, 
3) the distance to the water table, and 4) the rate of evaporation 
in the soil and the rate of loss of water vapour from the soil surface. 
It is probable that, with the exception of porosity, these factors 
will not vary very much for the various quadrats carrying birch 
at Hackfort. It is also probable that water-containing substances 
produced in the process of decomposition of litter from the same 
type of vegetation will, in the case of the various sites, have the 
same capacity for leaching action on soil particles. Since the effect 
of a similar amount of leaching action will be less apparent in the 
case of a fine sand than with a coarse sand the data concerning 
texture, perhaps inadequately assessed in the field, might be more 
precisely evaluated by paying more attention to the degree of 
leaching. Therefore, if the degree of leaching as well as texture 
and height of the soil surface above the zero level is taken into 
consideration then it may be possible to predict the forest-floor 
subtypes and the colour of the upper part of the Ai-horizon of soils 
carrying birch. 
Generally the degree of leaching is partly dependent on the 
height of the soil above the water table. In the lower lying parts 
of the Hackfort area the water table approaches to within 35 cm 
of the soil surface during part of the winter. The reaction of the 
ground water varies from pH 5.6 to pH 7.6. It is therefore quite 
possible that the upper parts of the soil will be enriched by mineral 
salts from the ground water thereby interfering with the leaching 
processes. In the places where there is a thick layer (30 to 60 cm) 
of coarse to very coarse sand, a slowing-up of the leaching processes 
cannot be detected and leaching is very strong. It is especially 
under these conditions that mor poor in humus occurs. 
The soils developing on sites rich in lime have not received 
much consideration. The presence of free CaCOg in the Ai-layer 
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influences soil development so strongly that comparisons with 
acid soils are difficult. The precise manner in which lime influences 
the decomposition of plant debris and the formation of forest-floor 
subtypes requires closer investigation especially in relation to the 
accompanying water regime. 
The water regime is a complex factor and still very difficult to 
evaluate quantitatively, particularly in relation to thin and often 
spongy soil layers such as occur in the Ai-horizons and the surface 
organic layers of the sites under consideration. The influence of 
the water regime on the differential development of mull and mor 
could only be considered indirectly through soil texture and height 
of the soil surface above the zero level. 
The previously mentioned possibility of predicting the forest-
floor subtype of an area, from data concerning soil texture and 
height of the soil surface above the zero level, was checked under 
the conditions occurring in the Hackfort area. A map showing the 
distribution of the heights of the soil surface above the zero level 
was superimposed on a map, showing the distribution of soils of 
different textures; the areas having similar categories of height 
class and texture were delimited. Since the various areas had been 
previously coded for the different categories of the various charac-
teristics it was now possible to deduce the probable forest-floor 
subtypes (Fig. 5). Using this method it is only possible in some 
cases to classify an area as 3/4 or 1/2 for example; i.e. it is only 
possible to predict that the forest-floor subtype will be between 
light mor and common mor in the one case and between common 
mull and mull rich in litter in the other. Only field examination 
can resolve these cases where the existence of intermediate subtypes 
is indicated. 
I t never happened that the superimposed maps indicated the 
presence of transitional forms such as 1/5, 1/3 or 2/4; on the 
contrary in all cases the intermediate forest-floor subtypes lay 
between closely allied forest-floor subtypes. Bearing this in mind, 
the agreement between the predicted distribution of forest-floor 
subtypes (Fig. 5) and the distribution as determined in the field 
(Fig. 2) is remarkably good. It is therefore concluded that the 
formation of mull and mor under the conditions of the Hackfort 
area can be said to be strongly correlated with the two factors 
soil texture and height of the soil surface above the zero level. 
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From this it is considered that the soil water regime is the primary 
factor determining the differential development of mull and mor 
under the conditions of the Hackfort area. 
Since this theory has been derived from observations in the 
Hackfort area alone, apart from evidence pointing in the same 
direction obtained from superficial investigation of two very 
different forests having soils chemically and structurally different, 
it must be checked by observations in other areas. Nevertheless 
the theory should be borne in mind in field soil surveys since the 
development of the various forest-floor subtypes and especially of 
the main forest-floor types mull and mor is closely related to the 
various processes of decomposition and transformation of organic 
matter. This applies to both forest soils and the soils associated with 
grass vegetations. 
I t might be possible that from the various humus character-
istics of arable land, the forest-floor subtype which would develop 
there and the water regime present can be deduced ; and vice versa, 
the forest-floor subtype of an area can give an indication of its 
properties for arable purposes. 
SUMMARY 
The distribution of mull and mor, in an area which is believed to have 
borne forest for a number of centuries at least, led to investigations into 
the reasons for their development. 
Although the term forest-floor type has been substituted for humus type, 
mull and mor are used in the Mül l e r -Hesse lman sense. 
There appeared to be no obvious relationship between the distribution of 
the various forest-floor subtypes and the results of chemical analyses and 
pH determinations on soil samples. 
Where free CaCC>3 occurred in the Ai-horizon, a mull forest floor had 
developed even on coarse sand and the associated herb flora differed only 
slightly from that occurring on very acid mull. As the manner in which lime 
influences most soil processes is still unknown, the areas in which free CaCC>3 
occurs were excluded from the investigations. 
Assessments of various other soil characteristics were made and the 
frequency of association of the various categories of these characteristics 
ascertained. 
I t is concluded that the colour of the upper part of the Ai-horizon and 
its degree of leaching are related to its texture, and that the forest-floor 
subtypes are more closely related to soil texture than to soil colour or 
degree of leaching. 
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Each forest-floor sub type is associated wi th par t icu lar colouring of the 
upper p a r t of the Ai-horizon and var ia t ion in b o t h character is t ics seems to 
be similarly associated wi th var ia t ions in topography . 
There seems to be litt le demonst rable difference between the influence 
of the t ree species oak and birch on the development of the forest-floor types . 
The deve lopment of forest-floor types is closely related to the two factors 
soil t ex tu re and topography and it is considered t h a t under the condit ions 
of the Hackfor t area t he differential deve lopment of forest-floor types mul l 
and mor and their sub types is pr imar i ly de termined by the soil wate r regime. 
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